Since the early description of different human apolipoprotein A-I variants 24 associated to amyloidosis, the reason that determines its deposition inducing organ 25 failure has been under research. To shed light into the events associated to protein 26 aggregation, we studied the effect of the structural perturbations induced by the 27 replacement of a Leucine in position 60 by an Arginine as it occurs in the natural 28 amyloidogenic variant (L60R). Circular dichroism, intrinsic fluorescence measurements 29 and assays of binding to ligands indicate that L60R is more unstable, more sensitive to 30 proteolysis and interacts with sodium dodecyl sulfate (a model of negative lipids) more 31 than the protein with the native sequence and other natural variant tested, involving a 32 replacement of a Trytophan by and Arginine in the amino acid 50 (W50R). In addition, 33 the small structural rearrangement observed under physiological pH leads to the release 34 of tumor necrosis factor α and interleukin-1β from a model of macrophages. Our results 35 strongly suggest that the chronic disease may be a consequence of the loss in the native 36 conformation which alters the equilibrium among native and cytotoxic proteins 37 conformation. 38 39 40 41 42 Human apolipoprotein A-I (apoA-I) is the main protein associated to high 43 density lipoproteins (HDL). It is synthesized in liver and intestine and both the liver and 44 the kidney are the major sites of its catabolism. Its multiple functions as lipid transport, 45 endothelial homeostasis and inhibition of inflammatory pathways [1][2][3] could 46 however be counter balanced by the presence of single point mutations which could, by 47 not yet completely known pathways, induce its misfunction, increased clearance rate or 48 its tendency to aggregate [4][5]. Hereditary apoA-I amyloidosis has been described 49 since 1969, and is characterized by specific deposits of natural variant proteins within 50 organs, in a pattern which is dependent on the mutation in the protein sequence. From 51 the more than 20 known natural variants, almost half result from substitutions between 52 amino acids 26 and 107, and involve with different severity hepatic and kidney failure.
Olis, setting the excitation wavelength at 295 nm and scanning emission from 310 to 154 400 nm. Solvent exposure of Trp residues was determined as a parameter of protein 155 structural arrangement. ApoA-I variants were diluted to 0.1 mg/mL (in Tris buffer). 156 Quenching of the Trp residues was determined by measuring intrinsic fluorescence 157 following stepwise addition of acrylamide from a concentrated stock solution. The where fa is the fraction of the initial fluorescence which is accessible to the quencher, K 163 is the Stern-Volmer quenching constant of the accessible fraction and [Q] is the 164 concentration of the quencher. F 0 is the initial fluorescence in the absence of quencher 165 and F is the remaining fluorescence after the addition of acrylamide at each ∆ 166 concentration [22] [15] . 167 In order to sense hydrophobic pockets within the proteins spatial arrangements, 168 the binding of Bis-ANS was measured following titration of the probe to apoA-I 169 variants. Proteins were set at 0.1 mg/mL in Tris buffer and Bis-ANS added in small 170 amounts from a methanol stock. Both, total intensity and spectral shift were registered 171 by excitation at 395 nm and emission scanned from 450 to 550 nm [15] . Circular 172 dichroism (CD) measurements were acquired on a Jasco J-810 spectropolarimeter. To 173 register far UV spectra (200-290 nm), proteins were diluted in phosphate 10 mM 174 buffer, pH 7.4 to 0.2 mg/mL in a 1 mm path-length cuvette, and three scans at a speed 175 of 20 nm min -1 were registered and averaged to minimize noise signal. was similar to the Wt, a small but significant red shift (4 nm +/-1) was observed for 293 L60R (Table 1) . unfolded) model for L60R ( Fig 1A) , and thus we were not able to precisely calculate 319 this parameter. Interestingly, its total intrinsic fluorescence intensity is lower than the 320 one of the Wt, even though it keeps the four native Trp residues. As long as protein is 321 unfolded by titration with GmdCl the total intensity tends to equal that of the Wt (Inset 322 Fig 1A) . In order to test whether a local decrease in pH could induce a disruption in 337 protein structure, variants were taken to pH 5.0 and denaturation curves repeated under 338 the same conditions. As Fig 1B shows , the behavior remains similar to that obtained 339 under physiological pH, indicating a mild effect of an acidic milieu on proteins` 340 conformation.
341
CD analysis of protein structure in the far UV reveals a conserved α helical 342 secondary structure which was previously identified for the Wt protein at low 343 concentrations ( Fig 1C) [33]. The secondary structure content was calculated with the 344 algorithm CONTIN rendering a high percentage of helical structure for all the three 345 proteins [34]. The Wt spectrum is almost indistinguishable from that of W50R and 346 slightly more intense than that of L60R. Accordingly, a loss of about 4 and 7% of alpha 347 helical structure is observed for the W50R and L60R variants, respectively.
348
The comparison among the tertiary structures was analyzed by CD in the near 349 UV ( Fig 1D) ; spectra of both mutants preserve fine structure although the lower demonstrated to be significantly more efficient for L60R with both enzymes tested.
380
The extrinsic fluorescence probe ANS (or its dimer Bis-ANS) was extensively 381 used to test the spatial arrangements of proteins, due to the fact that is it weakly 382 fluorescent in water but its quantum yield increases significantly, and its emission shifts . 386 We herein show (Fig 3) , as it was previously demonstrated with the monomer ANS, that 387 W50R binds Bis-ANS with a relatively higher quantum yield than the Wt [17]. Instead, intensity of the Bis-ANS associated to L60R is lower indicating a lower 404 permeation or binding of this probe within the spatial protein arrangement.
405
Nevertheless, WMF of the Bis-ANS bound to L60R is similar to the probe associated to 406 the Wt (Fig 3 inset) . In a different experiment, to evaluate whether the presence of the ). In a parallel experiment, proteins were further incubated at 0.6 mg/mL for 7 days 419 under the same conditions and observed by Transmission Electron Microscopy (Fig 4) . The sample of the Wt showed a low degree of amorphous-like aggregates and 433 small amounts of protofibers ( Fig 4A) . Both mutants (W50R and L60R, Fig 4B and C   434 respectively) were represented by a higher yield of aggregates with similar morphology.
435
In addition protofibers of about 8-10 nm diameter are observed under these conditions.
436
The behavior of these proteins was similar to other mutants analyzed under the same followed by scattering ( Fig 5A) and ThT fluorescence ( Fig 5B) . These data indicate that Next, we compared the binding of the variants under study to this model of GAG 477 at pH 5.0. As shown, a higher scattering ( Fig 5C) and ThT associated fluorescence (Fig   478   5D ) in the case of W50R indicates its higher efficiency to bind to heparin as amyloid-479 like complexes under acid conditions while L60R behaves similar to Wt.
480
In order to answer whether the structural disruption induced by a change in the molar ratio to protein and relative fluorescence quantified as described in Figure 5D .
496
The symbol * denotes difference with respect to Wt at P<0.05. 
Effect of mutations on lipid clearance and cellular responses 500
It is clear that the conformational flexibility could alter the equilibrium between 501 function and toxicity, and thus we set out to test whether the structural shift detected in 502 the N terminus of L60R could affect the protein interaction with a model of membrane.
503
It is well known that the analysis of MLV clearance at the lipid transition temperature is 504 a traditional functional parameter to test efficiency of apoA-I for lipids solubilization. Finally, and in order to test the hypothesis that apoA-I variants could induce 519 cellular responses associated to a pro-inflammatory landscape, we compared the release 520 of TNF-α and IL-1β from THP-1 cells, which is widely used as a human model of 521 macrophages. As Fig 8A and B show, while W50R behaves as the Wt, L60R induced 522 the release of these cytokines. MTT reduction measurements indicated that cell viability 523 was preserved under the different conditions tested (not shown) The positive charge of the Arg may thus perturb the hydrophobic bottom cluster.
642
The mutation in position 60 should in addition disrupt a Leu zipper stabilized with other 643 Leu residues in the same molecule or with a second molecule in the native dimer [47] .
644
In our hands the shift among dimer and monomer conformation was not dramatically 645 modified (S. Fig 1) . Moreover, this effect is not drastic enough to decrease the 646 efficiency to solubilize neutral lipids (Fig 7) as it is the case with W50R and G26R
